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SYSTEM AND METHOD FOR MEASURING PLANTAR FOOT 

PRESSURE 

Related Applications 

5 

This application is related to and claims the benefit of priority from U.S. 
Provisional Patent Application No. 60/433,282, filed on December 13, 2002, the 
entirety of which is incorporated herein by reference. 

10 Field of the Invention 

The present invention is related to a system and method for measuring 
plantar foot pressure. More specifically, the present invention is directed to a 
system and method for low-cost, accurate plantar foot pressure measurement 

15 

Background of the Invention 

It is well known that plantar ulcerations, commonly found in diabetic 
persons, develop in the feet over areas of high pressure. In these situations, the 
20. ulcerations can be associated with motor neuropathy, foot deformation, limited 
joint mobility, callus formation, even foot amputation. It is also known that high- 
pressure areas have been clinically proven as indicators of the likelihood of 
development of these plantar foot ulcers in neuropathic feet In fact, it has been 

i 

shown that among patients presenting with neuropathy, those with a reading of ^ 
25 6 kg/cm 2 were twice as likely to develop a foot ulcer. 

Reducing the pressure in the high-pressure areas of the foot of the 
affected person may prevent or reduce the effects of plantar ulcerations. Thus, 
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early detection of high-pressure areas is essential in preventing the onset of 
plantar foot ulcerations, particularly in those patients considered at high risk. 

Many methods have been developed in the past to measure plantar foot 
pressure, however, these methods are often costly and require special training to 
5 operate the necessary devices. Therefore, there exists a need to provide a low- 
cost, efficient and reliable means for measuring plantar foot pressure, 
particularly in high risk patients such as diabetics, so as to detect high-pressure 
areas in order to prevent plantar foot ulcerations. 

10 Summary of the Invention 

The present invention overcomes the drawbacks associated with the prior 
art foot pressure measuring systems and provides for a low-cost, efficient and 
reliable means for measuring plantar foot pressure for detecting "high-pressure" 

15 areas in order to prevent plantar foot ulcerations. 

To this end, the present invention provides for a plantar foot pressure 
measuring device, having a layer of pressure sensitive ink. A cover sheet is 
activated by removing its backing layer and the pressure sensitive ink is 
transferred to the cover sheet when the patient places a foot onto the pressure 

20 measuring device forming a gray-scaled plantar pressure foot print. The ink layer 
is removed and the cover, with pressure foot print thereon, is placed onto a grid 
sheet to permanently fix the print between the cover sheet and a grid sheet on the 
pressure measuring device. 
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A calibration card is provided having a corresponding gray-scale that is 
used to compare with areas on the pressure foot print Using the gray-scale on 
the calibration card the user is able to determine the plantar foot pressure that 
was measured by the pressure measuring device, within a given set of pressure 
5 ranges. 
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Brief Description of the Figures 

Figure 1 is a top view of pressure measuring device, in accordance with 
one embodiment of the present invention; 

5 

Figure 2 is an exploded side view" of the pressure measuring device of 
Fig. 1 showing the various layers, in accordance with one embodiment of the 
present invention; 

10 Figure 3 is a top view of the pressure measuring device of Fig. 1 in an 

active mode, in accordance with one embodiment of the present invention; 

Figure 4 is a top view of the pressure measuring device of Fig. 1 in a 
completed mode, in accordance with one embodiment of the present invention; 

15 

Figure 5 is a top view of a calibration card in accordance with one 
embodiment of the present invention; 

Figure 6 illustrates the calibration card of Figure 5 in use with the 
20 pressure measuring device in completed mode of Fig. 3, in accordance with one 
embodiment of the present invention; and 
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Figure 7 is a flow chart detailing the operation of the pressure measuring 
device and calibration card, in accordance with one embodiment of the present 
invention. 

5 



10 



15 



20 



5 



WO 2004/055483 



PCT/US2003/039321 



Detailed Description 

The present invention maintains a pressure measuring device 10 for 
measuring the plantar foot pressure of a patient A calibration card 50 is used in 
5 conjunction with pressure measuring device 10 in order to discern the measured 
pressures. 

In one embodiment of the present invention as illustrated in Figs. 1 and 
2, pressure measuring device is substantially rectangular in shape. Any similar 
shape may be used that is adequate to cover the entire underside of the patient's 

10 foot A clear cover sheet 12 is provided that forms the top layer of the 
measuring device 10. The top surface of cover sheet 12 is smooth and is 
configured to provide a place for the patient to place their foot during testing. 

Cover sheet 12 is provided with a sticky underside, configured to capture 
and adhere a certain portion of the pressure sensitive ink used during testing. A 

15 cover sheet backing layer 14 is provided such that the sticky underside of cover 
sheet 12 does not come into contact with the ink until the desired testing time. 
When pressure measuring device 10 is ready for use, cover layer 12 is lifted and 
backing layer 14 is removed. Cover layer 12 is then returned, sticky side down, 
to measuring device 10, placing device 10 into an active mode as discussed in 

20 more detail below. 

As illustrated in Figs. 2 and 3, below cover sheet 12 and backing layer 
14, an ink/gelatin layer 16 is provided. Ink/gelatin layer 16 is coated with a 
pressure sensitive ink on its upper surface that is activated when the patient steps 
on the upper surface of cover layer 12. The pressure sensitive ink used on 

6 



ink/gelatin layer 16 is configured to be transferred onto the sticky underside of 
cover sheet 12 and held in place forming a pressure foot print 20 relating to the 
plantar foot pressure of the patient's foot. 

The pressure sensitive ink is preferably of a type that is sensitive between 
the ranges of 0 and 15 kg/cm 2 such that the pressure sensitive ink is placed onto 
the sticky underside when exposed to pressures within this range. The ink, in the 
form of pressure foot print 20, is deposited in the form of differentiable color 
density markings such as a gray-scale, where the areas under the least amount or 
no pressure are white and the areas under 9-15kg/cm 2 or greater appear black, 
with various shades of gray for the in between pressures. It should be noted that 
various types of ink having different sensitivities may be used so long as they are 
capable of operating in the bounds typically found in measuring plantar foot 
pressure. 

In one embodiment of the present invention, as illustrated in Figs. 2, 4 
and 6, a grid sheet 18 is provided in measuring device 10. Grid sheet 18 forms 
the bottom layer of measuring device 10 and thus has the same shape as cover 
sheet 12 and is configured to provide a permanent sheet on which to affix the 
pressure sensitive ink from pressure foot print 20 that is held in the sticky 
underside of cover sheet 12. Grid sheet 18 is preferably brightly colored and 
highly contrasted to the ink used on ink/gelatin layer 16, however, this is no way 
intended to limit the scope of the present invention. Grid sheet 18 can be of any 
color or even transparent so long as the ink is both visible and measurable. 

As illustrated.in Fig. 4, when cover sheet 12 is placed on grid sheet 18 
the pressure sensitive ink is fixed between cover sheet 12 and grid sheet 18, 



highlighting the gray-scale markings against grid-sheet 18. It should be noted 
that grid-sheet 18 is preferably white in color, however, any color grid sheet 18 
which can be used as a proper back-drop for the gray-scale is within the 
contemplation of the present invention. Likewise, grid sheet 18 is preferably 
divided into a grid of 0.5 cm blocks, however, any size grid can be used as long 
as it is consistent with the pressure denomination used in the gray-scale. 
Markings or a ruler may be used along the edges of grid sheet 18 in order to 
provide further diagnostic markings. 

In one embodiment of the present invention as illustrated in Fig. 5 a 
calibration card 50 is provided, configured to provide the user with a means of 
reading the various gray ink markings from pressure foot print 20 on grid sheet 
18. In this respect, the differentiable color density marking gray-scale, 
highlighted against grid sheet 18 is demarked in various shades of gray where 
lighter regions represent areas of low pressure and darker or black areas 
represent areas of higher pressure. Calibration card 50 is provided with 
corresponding differentiable color density markings such as gray-scale markings 
52, that contain a series of pressure range regions 54a-54g, each having a gray- 
scale coloration density with an associated pressure range, where each coloration 
represents a different pressure range. 

As illustrated in Fig. 5, pressure range region 54a corresponds to the 
color produced by a pressure of 0 - 0.5 kg/cm 2 . Pressure range region 54b 
corresponds to the color produced by a pressure of 0.5 - 1 .5 kg/cm 2 . Pressure 
range region 54c corresponds to the color produced by a pressure of 1 .5 - 2.5 
kg/cm 2 . Pressure range region 54d corresponds to the color produced by a 
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pressure of 2.5 - 4 kg/cm . Pressure range region 54e corresponds to the color 
produced by a pressure of 4 - 6 kg/cm 2 . Pressure range region 54f corresponds 
to the color produced by a pressure of 6 - 9 kg/cm 2 . Pressure range region 54g 
corresponds to the color produced by a pressure of 9 - 15 kg/cm 2 . 
5 It should be noted that kg/cm 2 is used through out as illustrative of one 

method by which pressure can be measured, however this is in no way limited to 
the scope of the present invention. For example, lbs/in 2 or other pressure 
denominations can be used provided it is consistent between pressure measuring 
device 10 and calibration card 50. 
10 As illustrated in Fig. 6, each pressure range region 54 on calibration card 

50 is provided with a viewing opening 56 configured to allow the gray-scale 
pressure foot print 20 on grid sheet 18 to be viewed through calibration card 50 
so that the plantar foot pressure for the area being calibrated can be determined. 
In one embodiment of the present invention, as illustrated in flow chart 
15 Fig. 7, in operation, at step 100, the person administrating the planter foot 

pressure measurement obtains a pressure measuring device 10. Next, at step 
102, cover layer 12 is pealed away from ink/gelatin layer 16 and backing layer 
14 is removed exposing the sticky underside of cover layer 12. 

At step 104, as illustrated in Fig. 3, cover layer 14 is then slowly placed 
20 back on top of ink/gelatin layer 16 so as to avoid any bubbles or wrinkles. This 
places pressure measuring device into an activated mode, where the pressure 
sensitive ink is in direct contact with the stick underside of cover layer 12. 

Next, at step 106, the patient is directed to step onto pressure measuring 
device 10, forming pressure foot print 20. This can be done in either a static or 
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dynamic method. The static method requires that the patient step slowly onto 
measuring device 10 in a directly downward motion and then stand on device 10 
so as to test the plantar foot pressure in a resting format. The dynamic method 
requires that the patient step onto measuring device 10 in a method consistent 
5 with the patient's normal walking gait so as to test the plantar foot pressure in a 
normal walking format. 

It should be noted that other methods of obtaining the plantar pressure 
foot print 20 can also be used provided that the pressure resultant from the 
testing does not exceed or is not too low so as to be outside the range designated 

10 by the pressure sensitive ink being used. 

Next, at step 108, the user again peals back cover sheet 12 with the ink 
form pressure foot print 20, attached to its sticky underside, and ink/gelatin layer 
16 is removed. As illustrated in Fig. 4, cover sheet 12 is then placed slowly and 
carefully back down onto grid sheet 18 so as to avoid any bubbles or wrinkles, 

1 5 placing pressure measuring device 1 0 into a completed mode. In this 

configuration, the gray-scale plantar pressure foot print 20 is held permanently 
between cover sheet 12 and grid sheet 18 such that the pressure foot print 20 is 
readily viewable and readable against the bright background of grid sheet 18. 

Next, as illustrated in Fig. 6, at step 1 10, the user obtains calibration card 

20 50 and places it over the desired portion of the plantar pressure foot print 20. 
The gray-scale color of pressure foot print is then compared though viewing 
openings 56 with the various pressure range regions 54a-54g until a gray-scale 
density/color match is found. This step is repeated for all areas of interest on the 
plantar foot pressure print. 
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Thus, a cost effective and accurate means of determining plantar foot 
pressure is provided with a convenient calibration card for detennining the 
results. As discussed above, when regions are found in the gray-scale print that 
exceeds 6 kg/cm 2 , this may be an indication that further study of the affected 

5 area is warranted and the doctor may then take the appropriate steps. 

While only certain features of the invention have been illustrated 
and described herein, many modifications, substitutions, changes or equivalents 
will now occur to those skilled in the art. It is therefore, to be understood that 
this application is intended to cover all such modifications and changes that fall 

10 within the true spirit of the invention. 
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